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CHAPTER I
THE PROBLEM AND ITS SCOPE
INTRODUCTION
The developmental changes the human foot had to 
undergo when the upright position of weight bearing 
replaced the quadrupedal position required the adjustment 
of the gravitational line and weight bearing center to a 
smaller surface» The foot had to undergo further changes 
to provide locomotion and stability of balance. The factors 
of balance and locomotion involved muscular development of 
those muscles whose static tonal tension opposed gravity and 
those muscles involved in propelling the body in its many 
directions. The bony structure of the foot also underwent 
a structural change, namely, the establishment of articula­
tions. This change was a result of upright locomotion and 
the need for stability of balance.
These developmental changes have created an area of 
decided weakness. If proper mechanics are not practiced by 
the individual, this area of the human body can be a pre­
requisite to grave postural defects» Proper footwear and
structural alignment are essential in maintaining efficient 
and serviceable feet (12)#
From the beginning of time man has had to defend 
himself from the elements, as well as predators. He was 
required to search for food and defend his family and 
hunting areas from his enemies. In this day and age, man 
must be physically capable of defending his home and nation 
on a moments notice. In the following three surveys, Lowman 
and Young (12) have evidenced the overwhelming number of 
postural defects among military men, high school students, 
and college students during World War II.
Between June, 1942 and February, 1943, a survey was 
made of 4,832 men entering the United States Naval Aviation 
Pre-Flight School at St. Mary*s College, Morage, California, 
It was disclosed that 61,73 per cent or 2,983 cadets had 
8,403 postural divergencies. Of the 2,983 needing work, 
1,828 were due to the feet and ankles.
In Alameda, California, a survey was made of the 
incoming male freshman of Alameda High School, Between 
1932 and 1937, 1,473 boys were examined and an average of 
57,16 per cent or 842 students needed special physical 
education. Of the 842 students exhibiting 1,290 postural
divergencies, 641 of these divergencies were found in the 
feet and ankles.
In three semesters between 1940 and 1942 at San 
Diego State College, 761 men were examined for postural de­
fects and 517 needed attention. Of these 517, they found 
1,329 divergencies with a total of 559 of these divergencies 
found in the feet and ankles.
Since the end of World War II, this nation has not 
been faced with a real man power problem, however, this 
does not mean that we should put on the shelf our concern 
for the postural problems that are still evident. A 
continuing need for emphasis on proper body mechanics and 
postural fitness should be of concern, not only to the 
medical profession, but to educators. The educators’ 
association with the children of our nation places them 
in a position to be of extreme importance in the observation 
and prevention of postural defects. Since the physical 
educator is in the most desirable position to observe 
postural abnormalities, he should discipline himself to the 
Importance of correct body alignment. The physical educator, 
with advice from physicians, should assume the major respon­
sibility for the development and efficient use of the muscles
that align the body structures,
II. THE PROBLEM
Statement of the problem. The purpose of this study 
was to determine the relationship between the strength of 
the muscle groups which originate in the leg and have their 
insertions on the foot, and pronation and pes planus.
Analysis of the problem. Both feet of two hundred 
male students enrolled in required physical education 
classes at the University of Montana were tested for pro- 
nation by use of the pedorule, and pes planus by use of 
the pedograph (see V, 1, page 8). Upon screening the 
subjects with the pedorule and pedograph, the following 
criteria for pronation and pes planus were established. The 
cases, each foot being a case, occuring within the upper 
quartile on the pedorule test were considered as pronated, 
and those in the lower quart ile were considered as the non- 
pronated (seventy-five cases of supination were eliminated 
from the study). Those cases in the lower quartile of the 
pedograph test were considered as cases of pes planus. The 
cases in the upper quartile were the non-deviates,
On the basis of the preceeding tests and statistical
comparisons, sixty subjects were classified into four groups 
of fifteen subjects each. Group I subjects had no pronation 
and no pes planus. Group II subjects had pronation and no 
pes planus. Group III subjects had both pronation and pes 
planus. Group IV subjects had pes planus but no pronation.
The strength of each of the following muscle groups, 
the plantar flexors, dorsi flexors, invertors, and evertors, 
was measured with a cable tensiometer. Comparison was made 
of the strength differences for the specific muscle groups 
in relation to the flat and pronated foot, the non-deviate 
foot, the flat foot, and the pronated foot.
III. BASIC ASSUMPTIONS
This study proceeded on the supposition that:
1. Those cases within the upper quartile of a 
frequency distribution made on three hundred 
and twenty-five cases tested with the pedorule, 
are to be considered as having pronated feet.
2. The cases within the lower quartile of a 
frequency distribution made on three hundred 
and twenty-five cases tested with the pedorule 
are to be considered as non-pronated.
3o The cases within the lower quartile of a frequency
distribution made on three hundred and twenty-five
cases tested with the pedograph and Clarke*s 
footprint angle, are to be considered as exhibiting 
pes planus.
4. The cases within the upper quartile of a frequency
distribution made on three hundred and twenty-five
cases tested with the pedograph are not to be 
considered as exhibiting pes planus.
5. The inward bowing of the Achilles tendon is an 
adequate measure of pronation. It is important 
in this study to know that the inward rolling of 
the calcaneus, is a determining factor in measur­
ing pronation.
IV. DEFINITIONS OF TERMS
The following terms have been defined in relation to 
their use in this study;
Dorsi flexion: Movement where the angle between the
top or dorsum of the foot and the anterior aspect of the leg 
becomes smaller.
Plantar flexion; A movement resulting in a decrease
in the angle between the sole or plantar surface of the foot 
and posterior aspect of the leg.
Pronation (aversion); A movement where the soles of 
the feet turn laterally or away from each other.
Supination (inversion): A movement where the soles
of the feet turn medially or towards each other.
The dorsi flexor, plantar flexor, invertor and 
evertor muscle groups, have been defined by Steindler (17) 
in the following manner:
Dorsi flexor muscles: The dorsi flexors of the
ankle joint are the tibialis anticus, peroneus tertius, 
extensor hallucis longus, and extensor digitorum longus.
Plantar flexors: The plantar flexors of the ankle
joint are the gastrocnemius and soleus via the tendon 
Achilles, and the posterior tibialis, flexor digitorum 
longus, flexor hallucis longus, peroneus longus, and 
peroneus brevis.
Pronators (evertors): The principal pronators in
the subastragular joint are the peroneus longus and peron­
eus brevis, assisted by the peroneus tertius.
Supinators (invertors): The supinators of the
subastragular joint are the tibialis posticus, tibialis
anticus, flexor hallucis longus, and flexor digitorum longus.
Pronated foot : Williams and Worthingham (18) have
defined the pronated foot as a condition where the line of 
the Achilles tendon slants inward. This deviation involves 
aversion of the calcaneus. The deviation takes place 
primarily at the subtalar joint and should not be termed 
ankle pronation. While pes planus, or flat foot, is common­
ly associated with foot pronation, the two are separate 
deviat ions.
Pes planus : A condition of depression or flattening
of the normal longitudinal and/or transverse arch structures 
in the feet, due to weakness of the associated muscles, 
ligaments, and tendons (19).
V. LIMITATIONS OF THE STUDY
Conclusions of this study must be interpreted within 
the following limitations:
1. Subjects were limited to a selected sample of 
male students participating in the required 
physical education program at the University of 
Montana during winter quarter, 1961.
2o Pronation and pes planus were the only deviations
under consideration,
3o Only the foot invertors, evertors, ankle dorsi 
flexors, and plantar flexors were tested for 
strength. The intrinsic muscles of the foot 
were not considered due to the difficulty in 
testing,
VI. SIGNIFICANCE OF THE STUDY
Williams and Worthingham (18) stated that foot 
disabilities are so prevalent that special emphasis should 
be placed on the functional anatomy and aims of exercise 
treatment in this region. Physical educators are confronted 
daily with congenital and acquired postural defects. Although 
the physical educator has no influence on congenital deformi­
ties except in the rehabilitative phase, he must have 
knowledge of the initial signs of faulty posture which may 
lead to permanent deformity, Kelly (11) believes that many 
adult foot and leg problems have their origin in early 
childhood. She feels that permanent bone distortion and 
deformity during the years of rapid growth are a result of 
faulty use of the feet and legs, particularly pronation and 
knock knees. She advocates early diagnosis and treatment to
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prevent or reduce the severity of the deformity. She feels 
that physical educators through teaching and emphasizing 
better body mechanics can prevent or minimize deformity.
To further substantiate the fact that poor foot 
posture leads to numerous postural defects, Lowman and Young 
(12) stated;
When the base of a structure is weakened, the 
stability of the entire framework above is thrown out 
of alignment. One foot may not always be considerate 
enough to drop an equal amount to that of the other, 
and hence one hip may be lower than the opposite one.
Many postural deviations and functional ills may be 
traced to the feet and should always be checked 
regarding pes planus, pronated ankles, and rigid flat 
feet third degree.
They further stated that when the foot alters its 
shape and position to the leg, it becomes architecturally 
weak and the leg rotates inward. Consequently, added stress 
is placed upon the external thigh rotators, one of which, 
the pyriformis, through its attachment to the upper anterior 
surface of the sacrum, drags this bone forward. Forward 
tilting of the pelvis is increased and lordosis is encouraged
As this study will attempt to determine if leg muscle 
strength has a bearing on foot deviations, it may help to 
shed some light on the actual postural function of the leg 
muscles. Williams and Worthingham (18) emphasized the
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significance of this type of study by saying, "There is a 
wide difference of opinion with regard to the part the mus­
cles play in arch support and foot balance*"
Morton (13) indicated that the muscles only act to 
hold leg bones vertical on the foot by means of a light 
tonal tension* He maintains that the muscles on the two 
sides of the ankle act on the leg as stays on the mast of 
a ship* The purpose of the stays is to maintain the mast in 
relation to the ship’s hull and not to pull the hull into a 
correct position beneath the mast* He concludes, "So far as 
the arch is concerned, stance calls only for ligamentous 
function while locomotion utilizes both ligamentous security 
and muscular protection," Morton, in summary, believes that 
foot deviations are due to a shortened or hypermobile first 
metatarsal bone causing the gravitational center to fall to 
the second and third metatarsal bones thus throwing the body 
weight medially causing an inward rolling of the foot* 
Steindler (17), on the other hand, believes that 
ligaments and other soft structures protect the arch of the 
foot by preventing pathological dorsi flexion of the fore­
foot* The plantar aponeurosis prevents a flattening of the 
arch* Of the muscles^ the most important ones sustaining
12
the plantar arch are the short muscles, especially the short 
flexor of the toes, which is intimately connected with the 
plantar fascia. In addition, the deep ligaments, especially 
the long plantar ligament and the calcaneonavicular ligament, 
help sustain the arch. Additional to the flexor brevis, the 
muscles maintaining the longitudinal arch in its normal 
height are the abductor hallucis as well as the tibialis 
posticus and the long flexors of the toes,
Keith (9) has stated, "Muscles are all important in 
the support of the longitudinal arch and the ligaments come 
into play after the muscles have failed."
To further substantiate this study, Williams and 
Worthingham (18) are quoted as saying:
While the relative importance of the foot structures 
may be in dispute, many agree that the muscles do play a 
significant part in foot posture and it is on this basis 
that exercises are prescribed.
This study, by determining the importance of leg 
muscle strength to foot posture, will give physical educators, 
and others, a greater understanding of the muscular importance 
involved in proper foot posture as well as a reliable device 
for proper diagnosis.
Kelly (11), in speaking of the diagnosis and prevention
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of foot disturbances, said;
It is unfortunate that the average individual delays 
seeking relief for foot weaknesses until the condition 
has become firmly established» Even then many indivi­
duals go through the gamut of home remedies, advise of 
well meaning friends, and bizzarre methods of quacks 
who promise unwarranted success. Only after all these 
have failed does the individual visit his doctor. The 
longer the foot has been neglected, the more difficult 
is the task of correcting the condition. Physical 
educators should watch for the first symptoms of weak 
feet. Students who habitually stand and walk with 
their feet turned out (eversion and abduction) should 
be examined further. The pronated abducted foot often 
presents a picture of muscular weakness and poor 
mechanics even if it is without pain or deformity. 
Corrective exercise should be given. The individual 
with abducted feet should be educated to the necessity 
for correct foot function. Obstacles to normal foot 
movement and development should be counteracted; 
advise on proper footwear should be given to all 
student s.
Kelly (11) established the fact that individuals 
with fatigued and faulty foot posture should not be subjected 
to strenuous physical exercise requiring extended periods 
of standing or running. Once the deviation has been correc­
ted, the healthy child will gain added muscle strength from 
physical education activities.
Osgood (14) pointed out that the normal lines of 
weight bearing which are transmitted through the tibia fall 
considerably to the medial side of the foot; a condition 
which tends to produce flat feet. Since the longitudinal
14
arch which extends from the calcaneus to the metatarsal bones 
has little stability worthy of consideration, bony configura­
tion cannot be depended upon to resist the deforming medial 
and downward force. He concluded, therefore, that the 
muscles of the lower leg and ankle act to maintain proper 
weight bearing lines relative to the feet. He further 
reasoned that faulty weight bearing and foot strain are most 
commonly caused by faulty balance between the groups of 
muscles that invert the foot and elevate the arches, and 
the group whose contractions tend to evert the foot and 
depress the arches. The first group may be called the in­
vertors or maintainers of symptomless weight bearing. If 
the second group, the evertors, overbalance the first, foot 
strain usually results.
If, as Osgood believes, a relationship between foot 
deviation and leg muscle strength exists, the need for 
exercising proper muscle groups presents itself, and this 
would serve as a scientific basis for devising exercises 
to strengthen the foot and leg muscles.
CHAPTER II
SURVEY OF RELATED LITERATURE
As was stated previously, an active interest and 
concern has not been evidenced in reference to postural 
defects since the end of World War II. This, of course, 
is due to the fact that a great manpower need has not 
arisen. Because of this one fact, a great deal of study 
has not been conducted and very little literature is avail­
able on the status of the feet and ankles.
Osgood (14) compared the strength of the invertor 
and evertor muscle groups in pounds of pull exerted by each. 
Osgood and Dr. Arthur L. Legg agreed to individually strength 
test two separate groups of subjects and compare their results 
upon completion. Each tested the two groups of muscles in 
four different types of feet; (1) symptomless, (2) pronated, 
(3) feet that tired easily and were tender to pressure 
beneath the calcaneoscaphoid ligaments and exhibited calluses 
beneath the anterior arches, and (4) painful feet, usually 
flat and covered by shoes that bulged on their inner sides. 
Osgood and Legg, each-testing one hundred and twenty subjects 
which included all four classifications, compared their data
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and found them to be almost identical. They found that in 
normal feet the invertors were stronger than the evertors 
by a five (invertor) to four (evertor) pounds. In symptom­
less feet that exhibited slight pronation, yet not sufficient 
to classify them as pronated, the pull of the two groups was 
about equal, or slightly in favor of the evertors. In the 
presence of more pronation and of symptoms of foot strain, 
the pull of the evertors was definitely stronger than that 
of the invertors. In cases of acute flat foot, the ratio 
or the pull of the invertors to that of the evertors was 
about four to five or the reverse of the ratio existing in 
normal symptomless feet.
Schaid (15) had as a sub-problem, "The relationship 
of the amount of ankle pronation to the strength and power 
of the leg and foot muscles." The subjects used in this 
study were sixty-two women students of the University of 
Oregon. The majority of the group were unselected students 
from the physical education service courses who were 
students in swimming and body conditioning classes. The 
minority of the group were students who majored in physical 
education. No girls were tested who had an observable 
structural defect. She found a very low correlation of
17
.061 between calf strength and right foot pronation.
Cureton (5) in determining the validity of footprints 
as a measure of the functional efficiency of the foot, tested 
six hundred men. He selected such events as running, jumping, 
weight bearing, shot putting, lifting, and balancing on the 
balance beam, to correlate against the height of the arch.
He selected these events because he felt the foot was used 
vigorously in their execution. Twenty-one correlations of 
the longitudinal arch with the selected skills showed that 
there was some positive correlation with 440 yards running.
Of the six hundred men tested, Cureton reported that one 
hundred and fifty had arch angles under twenty-one degrees, 
and only four or five men complained of pain. To summarize, 
it is apparent that Cureton did not show any correlation 
between arch height and either weak or strong feet. He did 
validate the use of the footprint angle as a measure of the 
height of the longitudinal arch. He compared arch angle by 
the footprint with the arch imprint in a moist sandbox. He 
established a correlation on two separate sets of data of 
.857 plus or minus .016, and .958 plus or minus .007.
Steindler (17) combined working capacity of the dorsi 
flexor muscle group and compared this to the combined working
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capacity of the plantar flexors, establishing a ratio of one 
to four, dorsi flexor strength to plantar flexor strength*
He also compared the working capacity of the supinators to 
the pronators and established a ratio of eight to three, the 
supinators being capable of 2.82 kgm of work and the prona­
tors of 1.16 kgm.
Kelly (10) conducted a study of structure and func­
tion of normal, pronated, and painful feet among children.
Her study investigated six areas of foot structure and func­
tions (1) foot statics, (2) foot morphology, (3) tenderness 
areas on the sole of the foot, (4) flexibility of the lower 
extremity, (5) foot strength, and (6) alignment. Pronator 
and supinator strength being one of the variables studied, 
she measured the strength of the supinators as pounds of pull 
exerted when a band was placed around the foot just posterior 
to the first metatarsal phalangeal joint and attached to a 
spring balance. She used the difference between the supinator 
strength score and the pronator strength score. She found the 
supinators to be stronger than the pronators. It was deter­
mined that both the painful and pronated groups differ from 
the normal group by showing ; (1) greater ankle overhang, (2) 
greater medial displacement of the navicular, and (3) greater
19
medial displacement of the tendon of Achilles, It was also 
recorded in the literature that the supinators became pro­
gressively weaker as the foot disalignment and disability 
increase; conversely, there is little or no variation in 
the supinator-pronator strength ratio among feet with no 
pronation and among feet with first and second degree 
pronation, the supinator being the stronger in all cases.
The data of this study showed no differences significant 
at the two per cent level of confidence between normal, 
pronated, and painful feet. She questions the value of 
routine use of foot strengthening exercises in the treat­
ment of pronation.
CHAPTER III 
METHODS AND PROCEDURES
I. SUBJECTS
Two hundred freshman and sophomore male students 
taking required physical education at the University of 
Montana were screened by the use of the pedograph and 
pedorule* Each foot was considered a case, which gave an 
initial number of four hundred cases. With the elimination 
of those cases displaying foot supination, a final number of 
three hundred and twenty-five cases were used as a sample.
A frequency distribution was made of the results of the 
pedorule test. The cases within the upper quartile on this 
test were considered as cases of pronation. The upper 
quartile (Q^) is the upper 25 per cent of all the cases in 
the distribution. Pronation was measured in millimeters, 
and those cases exhibiting a minimum of 11.98 millimeters 
of pronation were used as a basis from which fifteen cases 
were selected at random by use of Fisher's table of random 
numbers. The cases in the lower quartile (Q^) or the lower
2 1
25 per cent of the distribution were considered as the 
nonpronatedo The nonpronated cases were those displaying 
a maximum of 3.8 millimeters of pronation. Fifteen cases 
were again selected at random from this group.
A frequency distribution was also made of the results 
of the pedograph test. The cases within the lower quartile 
(Q^) or the lower 25 per cent of the distribution were 
considered as cases of pes planus. Pes planus was measured 
in degrees, and those cases revealing a maximum arch height 
of 29.8 degrees were used as a basis from which fifteen cases 
were selected at random through use of Fisher * s table of 
random numbers. The cases in the upper quartile (Q^) or the 
upper 25 per cent of the distribution were considered as the 
normal arch. The normal arches were those revealing a mini­
mum arch height of 48.6 degrees. Fifteen cases were then 
selected at random.
Four select groups of fifteen cases each were then 
established by the preceeding procedure and classified in 
the following manner; (1) those cases with neither prona­
tion nor pes planus present, (2) those cases with pronation 
present but no pes planus, (3) those cases with both 
characteristics present, and (4) those cases with pes planus
22
present but no pronation. (See Table I.)
TABLE I
CHARACTERISTIC GROUPING OF SELECTED CASES
Group Pronat ion Pes Planus
I Absent Absent
II Present Absent
III Present Present
IV Absent Present
The grouping as seen in this table allows for the 
determination of significant muscle strength for each 
condit ion.
II. SELECTION OF EQUIPMENT FOR MEASURING 
PES PLANUS AND PRONATION
The subjects footprints were obtained by use of the 
pedograph, and these prints were used to ascertain the 
footprint angle to determine whether or not pes planus 
existed. The combination of the pedograph and footprint 
angle measures the height of the longitudinal arch in 
degrees. Clarke (1)? in speaking of the value of the
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footprint and footprint angle, stated:
The high reliability and objectivity of the footprint 
angle renders this measurement extremely valuable in 
determining the results of educational programs. As 
flat feet are strengthened, arch-angles increase steadily 
An arch angle of fifteen degrees at the beginning of 
treatment and thirty-five degrees at the end, represents 
a distinct improvement in the foot. Thus, the results of 
foot treatment can definitely be measured, as well as the 
determination of the immediate status of the arch at any 
time. The footprint itself is a motivating device. Like 
the silhouette in posture training, it portrays to the 
individual his condition and he can actually see improve­
ment, or the reverse as the case may be.
Through the use of the pedograph and footprint angle, 
Clarke established a reliability coefficient of .971 by 
computing a duplicate test given to one hundred and thirty- 
five students in the physical education classes at Syracuse 
University.
Cureton (5) studied the validity of the footprint 
angle method of measuring the height of the longitudinal 
arch by comparing the vertical depth of the arch imprint in 
moist sand (sand box method) to the Clarke footprint angle. 
The correlations between the arch angle and the arch height 
on two separate sets of data were .857 and .958. This 
device was accepted for use in this study on the basis of 
Cureton*s and Clarke*s validity and reliability, and 
because it was an inexpensive and a convenient method of
24
measuring the height of the longitudinal arch.
The pedorule was employed to measure pronat ion and 
was found to be a reliable measure of the relation of the 
foot to the leg (pronation and supination). Prior to the 
construction of the pedorule used in this study, the author 
experimented with the pedorule as described and used by 
Danford (6), and found his reliability coefficients could 
not be met. The difficulty in duplicating this apparatus 
had a bearing on the author's failure to meet Danford*s 
reliability coefficients. Danford (6) tested and re-tested 
ninety feet in a study at Boston University in 1934 and 
established a reliability coefficient of .94. The pedorule 
used in this study operates on the same principles as 
Danford*So A reliability coefficient of .94 was established 
by the author in a test re-test of twenty cases. Before 
accepting the pedorule as a measure of pronat ion, the author, 
Vincent Wilson, and Wayne Sinning compared the results of 
this apparatus with their subjective observations of cases 
of pronation.
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III. SELECTION OF EQUIPMENT FOR MEASURING 
LEG MUSCLE STRENGTH
One of the most objective measures of leg muscle 
strength is the cable tensiometer» Clarke (2) made a 
comparison of four instruments for recording muscle 
strength, which included the cable tensiometer, the strain 
gauge, the spring scale and the myometer. Clarke concluded:
The cable tensiometer has the greatest precision for 
strength testing. It was the most stable and generally 
useful of the instruments, and was free of most of the
faults of the other devices.
The tensiometer is a small compact unit originally 
designed for testing the tension of aircraft cables. Cable 
tension is determined by measuring the force needed to 
create offset on riser in the cable between two set points
or sectors. The cable tension may be converted directly
into pounds on a prepared calibration chart. The tensiometer 
is specifically designed to measure tension on the already 
taut cable.
Clarke's (3) objectivity coefficients relative to the 
movements tested in this study were; (1) plantar flexion ,93, 
(2) ankle dorsi flexion ,93, (3) inversion .86, and (4) aver­
sion .92,
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The author held a two hour introductory and instruc­
tion period for the assistant testers who donated their 
time and effort « He instructed them on the proper 
positioning and stabilizing of the subjects» The five
testers and the author tested, re-tested, positioned and
re-positioned themselves» After one full week of practice 
testing, the author and assistant testers calculated a 
reliability coefficient on twenty students» The coefficient 
correlations are included in Table II of Chapter IV»
IV, EQUIPMENT AND APPARATUS
The procedure and equipment for obtaining the imprint 
of the sole of the foot was the same as the type used by 
Clarke (1) and is described in the following paragraph»
Pedograph» The pedograph is a device for taking the 
imprint of the sole of the foot » It is equipped with a 
rubber stamping cover, a steel heelplate, and a felt
covered roller on which to ink and re-ink the machine» The
rubber stamping cover rolls over the felt covered roller 
from which the ink is transferred to the underside of the 
rubber stamping cover» Imprint sheets are placed beneath
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the stamping cover so when the subject steps onto the cover, 
the outline of the foot is transferred to the imprint paper,
Pedorule, The pedorule used in this study operates 
on the same principle as Danford's (6) device with some 
major changes in the apparatus, Wayne Sinning, Vincent 
Wilson, and the author designed the apparatus as it is 
described in the following paragraph.
It is designed to measure the postural relationship 
of the foot to the leg, and consists of these parts:
1, A base made of two pieces of hardwood fastened
together, each nine and three-sixteenths inches 
long by five and one-quarter inches wide by 
five-eighths,
2, The base was placed on two standards of wood,
two inches by four and one-quarter inches by
one inch. These standards were utilized to 
raise the apparatus to equal height with the 
attachment of the Achilles tendon to the 
calcaneus,
3, A center cut, four and one-half inches by four
and three-quarters inches, was made in the base
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to allow sufficient space for differences in foot 
size.
4. The vertical centering post, made of plexiglass, 
one-eighth inch by nine inches by one-half inch, 
was placed at the rear and bisecting the center 
cut. The centering post was marked with a red 
centering line.
5. A ruler was attached to the base by two metal 
brackets, one and three-eighths inches above 
the base. The ruler was inverted to allow 
readings in millimeters.
6. Two malleoli contactors made of plexiglass, four 
and one-half inches by.two and one-half inches 
by one-eighth inch were attached to operating 
handles, each three and three-fourths inches by 
one-half inch by one-half inch.
7. The operating handles were placed in guides made 
of wood, two inches by two and one-half, by 
one-half inch. The operating handle guides and 
operating handles were used to push malleoli 
contactors against the medial and lateral
ma lleoli.
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8. The malleoli contactors, upon placement in the 
proper position, gave a reading in millimeters 
on the inverted ruler, (see Appendix D)•  ̂’
Positioning board. The positioning board was used 
to place the feet of the subjects tested in a comfortable 
stance. The board was made of three-quarter inch plywood 
with a formica top. The board was twenty-three inches by 
twenty-four inches, and parallel lines inscribed on the top, 
two inches apart. These lines were designed to allow for 
normal weight bearing and proper foot alignment. A series 
of lines were inscribed at right angles to the parallel line 
for correct placement of the pedorule (see Pigürie 'l)i *
Testing table. The testing table was movable with 
locking wheels. It was approximately two feet wide by 
eight feet long. The strength measurements were taken 
according to Clarke's (4) procedures and subject position­
ing with the following additions for stabilizing subjects on 
the testing table. A wooden foot stabilizer was attached to 
the end of the table by a "C" clamp. This stabilizer was 
designed to place the foot being tested in a position where 
the angle between the dorsum of the foot and the front of the
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FIGURE 1
POSITIONING BOARD
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leg measured one hundred fifteen degrees, and was used to 
prevent sliding on the table during measurement of the dorsi 
flexor group. Two shoulder braces, made of two by four 
wooden blocks each twenty inches long, were used to prevent 
sliding of the subject upon exertion. An additional foot 
stabilizer was used during the testing of the invertor and 
evertor groups. This stabilizer was a plain block of wood 
attached at right angles to the table by use of a "C" clamp. 
This stabilizer prohibited hip rotation by preventing the 
heel of the subject from moving or sliding outward or inward 
(see Figure 2).
Pulling assembly. The pulling assembly consisted of 
one canvas footstrap (ten inches long by two inches wide), a 
one-sixteenth inch flexible cable, an adjustable chain, and 
a large steel hook screw. The flexible cable was attached 
to the canvas foot strap by a "D" ring, and to the adjustable 
chain by another *'D" ring. The flexible chain was then 
attached to the steel hook screw which was anchored to the 
wall.
Cable tensiometer. The cable tensiometer measures 
strength by recording the tension on a cable due to a force 
placed on the cable by exertion by the subject.
Chain and Pulling Assembly
Shoulder Brace
Foot Stabilizer
Footstrap
C" Clanp
Wall
Hooks
FIGURE 2
TESTING TABLE
ÜJK)
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Goniometero The goniometer is used for measuring the 
angles specified in the various tests. This instrument 
consists of a 180 degree protractor with two eighteen inch 
arms. One of these arms is stationary and extends along the 
zero line; the other is movable permitting rotation to the 
proper angle. The angle was measured by moving the adjust­
able arm in relation to the stationary arm,
V, METHODS OF TESTING
Pedograph and footprint angle. The method of testing 
with the pedograph was that of Clarke’s (1). Prior to 
testing, the subject’s name, weight, class section, and 
the date was recorded on his data card (see Appendix C), A 
sufficient amount of footprint paper was placed in the 
pedograph box to hold them properly. The subject was 
instructed to place his bare heel against the steel heel 
plate of the machine without allowing the foot to touch the 
stamping cover. Once the subject’s foot was in the proper 
position, he was instructed to stand firmly on the stamping 
cover and remove the opposite foot from the floor. The foot 
being tested, therefore, received the full body weight. The 
subject was then instructed to step off the stamping cover,
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and the sheet marked with the print was removed» The same 
procedure was followed with the opposite foot »
The method for scoring footprints is as described by 
Clarke (1) (see Figure 3)» Line A was drawn to represent 
the medial border of the foot between the points of the 
imprint at the base of the first metatarsal bone and the 
calcaneuso Line B represents the slope of the inner 
segment of the longitudinal arch at its junction with the 
metatarsal border of the arch» Points x and y were then 
located» "x" was located at the point where line A first 
touched the medial border of the arch» Point "y" was 
located at the point where line B first touched the 
metatarsal border of the arch. The angle at the junction 
of lines A and C was measured with a protractor.
Pedorule. The subjèct was instructed to assume a 
position on a table on his knees and the tester palpated 
the Achilles tendon at its attachment to the calcaneus.
A mark was made with a grease pencil at the center of the 
tendon. The subject was then instructed to assume a 
comfortable stance on the positioning board with his feet 
parallel and the inscribed parallel lines bisecting the
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FIGURE 3 
CLARKE'S FOOTPRINT ANGLE
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second toe of each foot. He was to let his arms hang and 
face straight ahead. The pedorule was placed immediately 
behind the foot parallel to the right angle lines of the 
positioning board with the vertical centering line 
bisecting the mark on the calcaneus. The malleoli 
contactors were placed against the medial malleolus and 
the lateral malleolus of the foot. Two readings were taken 
at this time, namely; the distance from the extreme tip of 
the lateral malleolus to the center of the tendon, and the 
distance from the extreme tip of the medial malleolus to 
the center of the tendon. The two readings were recorded 
in millimeters on the subject’s data card.
Strength testing. The method of strength testing was 
that of Clarke's (4). The subject to be tested was placed 
in the correct position for the joint movement to be tested. 
A goniometer was used in arriving at correct angles for 
specified joint positions. The canvas foot strap was placed 
around the subject's limb as directed. The slide was 
adjusted so the pulling strap was snug. The cable was 
tightened to a taut position by moving the subject and 
adjusting the chain to various lengths. The trigger of the
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tensiometer was opened and the cable was passed between the 
two sectors and the riser» The trigger was closed and the 
tensiometer held in hand during the test. The most desirable 
procedure was to record where the pointer stopped, as this 
was the highest recording. The subject was instructed to 
pull on the cable and make as strong an effort as he could» 
Three trials were recorded, and the best of the three 
exertions was registered. This reading was later converted 
into pounds (see Appendix A and B ) ,
Dorsi flexor group. The testing procedure for dorsi 
flexion required the subjects to be placed in the supine 
lying position with their arms folded across their chest.
The leg being tested was placed in one hundred eighty degrees 
extension and adducted to one hundred eighty degrees. The 
ankle was placed in a position where the angle between the 
dorsum of the foot and the front of the leg measured one 
hundred fifteen degrees with the foot at the midposition of 
inversion and aversion. The center of the foot strap was 
placed around the foot one inch proximal to the metatarsal 
phalangeal joints. The cable was attached to the wall so 
the pull would be at a right angle to the hook which was
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anchored to the wall. The table was stabilized by locking 
the wheels, and physically by the tester.
Plantar flexor group. The position for plantar 
flexion testing was the same as for dorsi flexion except 
the foot was placed in a vertical position (ninety degrees) 
to the testing table. The canvas foot strap was placed around 
the foot proximal to the metatarsal phalangeal joints. The 
cable was attached to a steel hook anchored to the wall. 
Precautions were taken to prevent inversion or eversion of 
the foot. The subject's leg was held firmly to the table to 
prevent movement, as well as his shoulders. The subject was 
shown the movement and allowed to practice it without the 
attachments. He was verbally instructed in the desired 
movement by terms such as "step on the gas” , or ”try to pull 
the hook out of the wall'*.
Invertor group. The subject was placed in the supine 
position with the hip and knee of the free leg comfortably 
flexed. The foot rested on the table and the arms were 
folded across his chest. The hip on the side being tested 
was extended and adducted to one hundred eighty degrees with 
the knee fully extended and the ankle in ninety degrees ■’
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dorsal flexion» The foot was placed at the midposition of 
inversion and aversion» Extraneous movement at the hip and 
knee was manually prevented by bracing with the hands » Hip 
inward rotation was prevented by blocking the heel with the 
fist » The foot strap was placed around the foot directly 
below the ball of the foot and the pulling assembly was 
attached to the wall at a right angle to the foot and leg 
of the subject» The subject was instructed verbally in the 
movement desired, and if necessary, the foot was manually 
manipulated to insure proper execution of the desired 
movement.
Evertor group» The position of the subject was the 
same for testing strength of eversion as it was for 
inversion» The canvas foot strap, however, was attached 
via the pulling assembly to the wall hook, on the invertor 
side, at a right angle to the foot and leg» Undesired 
movements of the knee and hip were prevented by bracing, 
as described in the inversion test » The prevention of hip 
outward rotation was accomplished by the use of the fist 
to block the heel on the medial aspect of the foot » The 
subject was also instructed verbally and manually as to the 
desired movement »
CHAPTER IV
ANALYSIS AND DISCUSSION OF RESULTS
I. METHOD OF ANALYSIS
The reliability coefficients of the pedorule and 
strength tests were computed through the use of Pearson"s 
product moment correlation; the formula (8);
r = XX.
(Jx^) (îy^)
was used where:
r = The coefficient of correlation when 
deviations are taken from the mean 
of the two distributions»
Jxy = Sum of the product of the difference 
of the score and the actual mean»
Z x ^  = The sum of the square of the
difference between the actual score 
and the actual mean in test (x)»
2 = The sum of the square of the
difference between the actual score 
and the actual mean in test (y)=
To determine the amount of error in measurement and 
sampling, the standard error of the mean in small samples 
was computed by the following formulas:
SD — j   and SE— —
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SD-  a = ------------------
V  ^  y  n t ï ----------
N-l
To discover whether the mean of Test I and the mean 
of Test II differed significantly in mean performance, the 
standard error of the difference was computed by use of the 
following formula :
SEd -v/
student's t test and table of t was utilized to
determine significant differences between correlated means
(8): _
(Xĵ  - Xg)
t =» -
=x
The analysis of variance was used to test for the 
significance of the mean strength differences between the 
four randomly selected groups (7). To determine the 
variation of group means from the total mean of all groups, 
"between the groups" variance was obtained by use of the 
following equation;
= d x ) ^
N N
To calculate the average variability of the scores 
within each group, the equation as outlined below and
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termed "the sum of squares within groups" was used. The 
equation below must be calculated for each group and the 
resulting sums totaled.
The variation of individual scores is called total 
variance, and to calculate this variance, this formula was 
employed:
—
The mean squares were computed in the following table 
and then the F test evaluated.
Source of Sum of Mean
Variat ion df Squares Square
"Between" Groups 3
"Within" Groups 56
Total 59
The mean square is computed by dividing the between 
groups sum of squares and the within groups sum of squares 
by the respective degrees of freedom. The F test is then 
used to evaluate mean differences where:
p _ mean square for "between" groups 
mean square for "within" groups
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The ratio is then interpreted by the use of the F table.
The Hartley test may be used to test for the location of 
significant differences between individual means when F is 
significant (16).
II. ANALYSIS OF RESULTS
The reliability of the pedorule test procedure is 
shown in Table II. This was based upon the first and 
second trials of the test. Included in Table I are the 
mean scores of each test, the standard deviations, 
standard error of the difference and corresponding t 
score. The score was computed to evaluate the significance 
of the difference between the means of test I and test II. 
The correlation coefficient between the two tests was 
calculated as .94 which according to Garrett's (8) table 
of confidence of r was found to be highly significant.
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TABLE II. 
RELIABILITY OF PEDORULE
Test Ret est
Mean 3.1 3.0
SD 7.12 7.54
SEŸ 1.63 1.73
SEh .602
t . 166 *
r .937
*Not statistically significant
The reliability of the tensiometer tests for leg 
muscle strength are included in Table III. The mean, 
standard deviation, standard error of the mean, standard 
error of the difference between means, t score and 
correlation coefficients were calculated for the four 
muscle groups. The inversion, eversion, dorsi flexion^ 
and plantar flexion strength for each foot of twelve 
students was tested and re-tested by the testing team. As 
shown in Table II, all correlation coefficients were signi­
ficant at the .01 per cent level of conficence. No signifi 
cant difference was found between the means.
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TABLE III. 
RELIABILITY OF STRENGTH TESTS
Inversion - Right Foot Inversion - Left Foot
Test Retest Test Retest
Mean 35.08 34.50 34,08 34.58
SD 7.71 7.68 5.53 5.89
SEx 2.32 2,31 1,66 1.77
SE^ .573 ,18
t . 127* 1.19*
r .991 ,98
Eversion - Right Foot Eversion - Left Foot
Test Retest Test Retest
Mean 43,66 44,33 41.66 42.16
SD 6,95 6,79 7,29 7.94
SEx 2,09 2.04 2.19 2.39
SEh .548 .40
t 1.22* 1.25*
r .967 .992
*Not statistically significant
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TABLE III, (continued)
Dorsi Flexion - Right Foot Dorsi Flexion - Left Foot
Test Retest Test Ret est
Mean 54,33 53.58 58.83 58.50
SD 11.70 11.45 15.34 16.02
SEŸ 3.52 3.45 4.62 4.82
1.20 .52
t .625* , 6 4*
r .94 .99
Plantar Flexion - Right Foot Plantar Flexion - Left Foot
Test Retest Test Retest
Mean 81.66 82.50 79.00 76.25
SD 10.92 9,42 11.12 10.36
SEx 3.29 2,84 3.35 3.12
SEh 4.08 3.47
t .21* .79*
r ,93 ,95
*Not statistically significant
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Inversion, eversion, dorsi flexion, and plantar 
flexion strength scores were each analyzed with variance 
analysis to determine whether a statistically significant 
difference existed among the means of the four groups of 
subjects (?)• The percentage of inversion strength to 
eversion strength was calculated to investigate Osgood's 
(14) theory of muscular imbalance as an effect on the 
deviate foot, A summary of mean strength scores and the 
inversion to eversion strength ratio may be observed in 
the following table:
TABLE IV.
SUMMARY OF MEAN STRENGTH SCORES 
AND MEAN STRENGTH IN PER CENT
GROUP I GROUP II GROUP III GROUP IV
Inversion 51.46 51.46 48, 80 53.13
Eversion 66 • 86 60.53 69.66 72.53
Dorsi Flexion 85.93 79.76 92,93 91.40
Plantar Flexion 307,26 258.26 288.33 258.00
Inversion/Eversion 78,20% 81.13% 68.66% 75.93%
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For three and fifty-six degrees of freedom, an F value of the 
magnitude of 2.77 was required to indicate that differences 
existed between groups at the ,05 per cent level of confi­
dence, The F values obtained for the invertor muscle group 
when compared to the selected groups, evidenced no significant 
difference at the .05 per cent level.
TABLE V.
ANALYSIS OF VARIANCE 
FOR INVERTOR STRENGTH
OF THE FOUR SELECTED GROUPS
Source of Variation df Sum of Squares Mean Square
"Between" Groups 
"Within" Groups
3
56
211.24
9,912.95
70.41
148.61
Total 59 10,124.19
F * .47
Eversion strength scores for the four groups were not
significantly different at the .05 per cent level of confi-
dence. The F value of 2.52 was not statistically significant
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TABLE Vio 
ANALYSIS OF VARIANCE 
FOR EVERTOR STRENGTH 
OF THE FOUR SELECTED GROUPS
Source of Variation df Sum of Squares Mean Square
"Between** Groups 3 1,183.84 394.61
"Within" Groups 56 8,768.56 156.58
Total 59 9,952.40
F = 2.52
The F values obtained for dorsi flexion strength
scores for the four select ed groups exhibited no statistical
difference at the .05 per cent level of confidence.
TABLE VII.
ANALYSIS OF VARIANCE
FOR DORSAL FLEXOR STRENGTH
OF THE FOUR SELECTED GROUPS
Source of Variation df Sum of Squares Mean Square
"Between" Groups 3 1,612.61 537.54
"Within" Groups 56 12,112.39 230.57
Total 59 13,725.00
F = 2.33
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The plantar flexor strength scores for the four groups 
revealed no significant difference at the ,05 per cent level.
TABLE VIII.
ANALYSIS OF VARIANCE 
FOR PLANTAR FLEXOR STRENGTH 
OF THE FOUR SELECTED GROUPS
Source of Variation df Sum of Squares Mean Square
"Between" Groups 3 26,290.78 8,763.59
"Within" Groups 56 311,447.32 5,568.70
Total 59 337,738.00
F = 1.57
A summary of the mean strength scores of the strength
difference between the invertor and evertor muscle groups, 
and the strength difference between the dorsi flexor and 
plantar flexor muscle groups, is shown in Table IX,
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TABLE IX,
SUMMARY OF MEAN STRENGTH DIFFERENCES
OF THE FOUR SELECTED GROUPS
GROUP I GROUP II GROUP III GROUP IV
Inversion to 
Eversion 15. 80 15.73 24,47 24.60
Plantar flexion 
to Dorsi flexion 219.33 178.53 195.40 168,73
Mean strength scores of the difference between the 
invertor muscle group and the evertor muscle group were 
subjected to a variance analysis as shown in Table X. The 
F value of 1.46 indicates no significant difference between 
the groups.
TABLE X.
ANALYSIS OF VARIANCE 
INVERSION TO EVERSION STRENGTH 
OF THE FOUR SELECTED GROUPS
Source of Variation df Sum of Squares Mean Square
"Between" Groups 3 629.09 209.70
"Within"Groups 56 8,032.66 143.44
Total 59 8,661.75
F = 1.46
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The strength difference between the dorsi flexor and 
plantar flexor muscle groups was calculated, and the 
resulting mean scores were subjected to a variance analysis 
as revealed in the data in Table XI.
TABLE XI.
ANALYSIS OF VARIANCE 
DORSAL FLEXOR TO PLANTAR FLEXOR STRENGTH
OF THE FOUR SELECTED GROUPS
Source of Variation df Sum of Squares Mean Square
"Between" Groups 
"Within" Groups
3
56
22,085.38
275,601.62
7,361.79
4,921.46
Total 59 297,687.00
F = 1.50
III. DISCUSSION OF RESULTS
The reliability of the pedorule test procedure seems 
quite high, but as was mentioned previously, experience by 
the operator proves essential in a test, re-test method.
All reliability coefficients evidenced in the data are 
statistically significant at the .01 per cent level of 
confidence. The high reliability coefficients on the
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strength tests were a result of extended practice and 
discipline in the proper positioning of subjectSo The 
restriction of extraneous movements of subjects, which might 
bring additional muscles into play, was essential.
Mean strength scores were computed for invertor, 
evertor, dorsi flexor, and plantar flexor muscle groups^ A 
mean score and percentage of strength difference between 
inversion and eversion strength, and dorsi flexion to 
plantar flexion, was computed. Osgood (14), Steindler (17), 
and Kelly (10) established the supinator muscle group as 
stronger than the pronator group. This study, however, 
evidenced the invertor group to be the stronger of the two 
(see Table IV). They also established the plantar flexor 
muscle group as the stronger when compared to the dorsi 
flexor group. This study found the plantar flexor muscle 
group to be stronger than the dorsi flexor muscle group.
The comparison of one muscle group to another with 
intergroup variance was to investigate Osgood * s (14) 
theory of muscular imbalance as an effect on the deviate 
foot. Osgood (14) and Kelly (10) found the invertor 
muscle strength to decrease in the presence of increased 
foot disalignment and disabilities. This study found the
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percentage of invertor strength to evertor strength in the 
normal foot (Group I) to be stronger than in Group III with 
both pronation and pes planus present. Group I revealed an 
invertor to evertor strength ratio in per cent of 78# 20, 
Group III exhibited a percentage of invertor to evertor of 
68,66o The mean strength difference between Group I and 
Group III would lead us to believe that in the presence of 
pronation and pes planus the invertor muscle strength is 
decreased# However, the highest percentage of inversion 
to eversion strength was found in Group II, where only pro- 
nation existedo The percentage of inversion to eversion in 
this group was 81#13,
The comparison of intergroup differences for 
inversion to eversion strength was accomplished through the 
use of variance analysis. The resulting F value was not 
significant at the ,05 per cent level of confidence.
Inasmuch as no significant differences were found between 
the groups, it would seem to substantiate Kelly’s (10) 
study. She found little or no variation in the supinator- 
pronator strength ratio among feet with no pronation and 
among feet with first and second degree pronation.
Since no significant strength differences were found
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between the four select groups when comparing Inversion, 
eversion, dorsi flexion and plantar flexion strength, it may 
be possible to accept Morton's (13) theory on the postural 
function of the leg muscles, Morton maintains that the 
muscles only act to hold leg bones vertical on the foot by 
means of a light tonal tension, Cureton (5) also found no 
correlation between arch height and either weak or strong 
feet,
The data presented in this study tends to refute 
Steindler”s (17), Keith's (9), and Osgood's (14) theories 
that the muscles of the leg are the maintainers of the 
arch, and all important in correct foot posture.
In observing the table on mean strength scores, we 
find in some cases a large mean difference, with a result­
ing F value which is not significant. This must be 
attributed to the variability of individual performance.
In many cases, individuals will differ in strength output 
as much as three hundred pounds. In all strength tests, a 
wide range of scores was recorded. The extreme difference 
in individual performance may be attributed to many things 
such as the size of individual, his body type, his physical 
condition or specific strengths or weaknesses due to prior 
experience of heredity.
CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
The purpose of this study was to determine the 
relationship between the strength of the muscle groups 
which originate in the leg and have their insertions on 
the foot, and pronation and pes planus. To be more 
specific, the invertor, evertor, dorsal flexor, and plantar 
flexor muscle strength was compared to the flat and pronated 
foot, the non-deviate foot, the flat foot, and the pronated 
foot o
Pronation was determined by testing with the pedorule. 
The pedorule is an apparatus that measures the postural 
relationship of the foot to the leg, Pes planus was 
determined by use of a pedograph machine which produced an 
inprint of the sole of the subject's foot « Clarke's (1) 
footprint angle was then used to determine the height of 
the longitudinal arch. The pedorule and pedograph tests 
were administered to two hundred male physical education 
students at the University of Montana. Each foot of the 
two hundred subjects was considered as a case, which gave
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a total of four hundred cases* Those cases exhibiting 
supination were eliminated from the study, and the number 
of cases was then limited to three hundred and twenty-five*
A frequency distribution of the three hundred and twenty- 
five cases was made and the and were computed for 
pronation and pes planus* Those cases falling into the 
on the pedograph test were considered as having a flat 
foot. Sixty cases were randomly selected from the and 
of the above tests, and arranged into four select groups 
of fifteen cases each.
The invertor, evertor, dorsal and plantar flexor 
muscle strength of the sixty cases was established through 
testing with the cable tensiometer. The subject's best 
effort on three trials was used in correlating strength 
with foot deviations.
Analysis of variance was then used to determine 
significant strength differences between the four select 
groups, as described belows
1* No significant strength differences existed
between the four groups when comparing inversion 
strength.
2o No significant strength differences existed
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between the four groups when comparing eversion 
strength,
3, No significant strength differences existed 
between the four groups when comparing dorsal 
flexion strength,
4, No significant strength differences existed 
between the groups when comparing plantar flexion 
strength,
5, The mean strength differences between inversion 
and eversion were not significant.
6, The mean strength differences between dorsal and 
plantar flexors showed no significant difference 
between the four select groups.
II. CONCLUSIONS
On the basis of the data presented in this study, it 
was concluded that :
1. The pedorule as described in this study is a 
reliable measure of pronation.
2c The strength of the muscle groups originating in 
the leg and inserting on the foot, does not seem 
to have a bearing on the degree of pronation or
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pes planus<,
3, The relationship of inversion to eversion strength 
does not seem to have a bearing on the degree of 
pronation or pes planus,
4, The relationship of dorsal flexion to plantar 
flexion strength does not seem to have any effect 
on the amount or degree of pronation or pes planus,
III, RECOMMENDATIONS
Based on the findings and conclusions of this study, 
the following recommendations are made;
1, A study should be conducted relating tonal tension 
strength of leg muscles to foot posture.
2, A study should be conducted to measure the 
strength of the intrinsic muscles of the foot, and 
their involvement in foot posture.
3, A similar study should be conducted using two 
age groups simultaneously in a test-post test 
method. Corrective exercises involving leg muscles 
should be administered to the subjects between test 
I and test II for each age group.
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APPENDIX A
CALIBRATION OF TENSIOMETER
NUMBER 10083
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Riser 
N o .
Tension 
Lbs •
Riser
No.
Tension 
Lbs.
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
20
21
23
25
26 
28 
30 
33 
35 
38 
40 
42 
44 
46 
48
50
51
53
54
56
57
59
60 
62 
64 
66 
68 
70 
73 
75 
77
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
80
82
84
86
88
90
93
97
100
103
105
108
110
114
116
118
120
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APPENDIX B 
CALIBRATION CHART 
NUMBER 9852
Riser Tension
No. Lbs.
45 **** 150
49 160
52 **** l 70
55 180
57 190
60 200
62 -ïV-ïVVrVf 210
63 220
66 **** 230
68 24071 * * * *  250
73 260
7 6 **** 270
78 280
81 **** 290
82 300
8 4  VfVfVfVv 3 1 0
86 320
8 8 VoV** 330
89 340
91 VcVovVf 350
92 360
96 >vvoV* 370
97 380
98 VwfVcVc 390
100 400
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APPENDIX C 
SAMPLE SUBJECT DATA CARD
PEDORULE
Name _____________________  Date
PoEo Section Weight
Left Right Height
Tendon to Medial Malleolus ____    Yrs, Mo
Tendon to Lateral Malleolus ______  ~ Age
Amount of Deflection
Case No.
PEDOGRAPH
Footprint Angle in Degrees
TENSIOMETER
Lbs, Lbs
Eversion 
Inversion 
Dorsi Flexion 
Plantar Flexion
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APPENDIX D
TOP VIEW OF PEDORULE
REAR VIEW OF PEDORULE
